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PURPOSE 
The object of this research is to study the utility of radar 
equipment in measuring surface precipitation and to improve radar 
techniques in measuring precipitation for application by the Army 
to radioactive rainout prediction, trafficability, and communica-
tions. Considerable effort is being directed toward determining 
the correlation between radar variables and actual rainfall quan-
tities by means of raindrop-size distribution. 
ABSTRACT 
The data collection period at Island Beach, New Jersey, was 
completed during the quarter, the camera dismantled, and part of 
the camera was shipped to Mt. Withington, New Mexico. The trans-
missometer from Island Beach, New Jersey, and some of the shelters 
were returned to Illinois for use in the East Central Illinois 
Network. The Franklin, North Carolina, drop camera was removed 
during the period, and the unit was returned to Illinois and 
reinstalled on the East Central Illinois Networko The East 
Central Illinois Network now has two raindrop cameras installed, 
and footings are placed for the third which will be installed 
upon its return from Mt. Withington at the end of August 1962. 
During the period 12 rolls of drop camera data from Franklin, 
North Carolina, have been measured, and the preliminary data 
processing has been accomplished. At the same time, 13 rolls 
from Island Beach, New Jersey, were processed. A brief resume' 
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of the continuing work including coalescence type distributions 
to the average drop size distributions obtained previously from 
Miami, Florida, is given. In general, it was found that the drop 
size distributions in rainshowers from Miami were of the same shape 
as the theoretical coalescence distributions although the coales-
cence parameters did not show the continuity desired. 
PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES 
E. A. Mueller and G. E. Stout visited the U. S. Army Signal 
Research and Development Laboratories on May 25, 1962. The status 
of the contract and plans for future work were discussed. The 
drop camera from Island Beach was dismantled during this trip and 
shipped to Mt. Withington, New Mexico. C. Medrow traveled to 
Franklin, North Carolina, on April 30 to May 4 to dismantle the 
drop camera. 
RAINDROP CAMERAS 
Island Beach, New Jersey 
The Island Beach, New Jersey, raindrop camera was installed 
in October 1960. This installation was designed to provide drop 
size data from a temperate latitude along the sea coast. Also, 
in conjunction with this camera, there was a transmissometer 
GMQ-10 installed so that a correlation between drop size distri-
butions and visibility in the area could be performed. Because 
of technical difficulties with the drop camera installation and 
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with the operating personnel, no raindrop camera data was obtained 
until June 1961. However, since that date 72 rolls of useable 
raindrop data were collected. Table 1 indicates the distribution 
of these data by months. The distribution is not greatly biased 
toward any one time of the year; therefore, it is felt that the 
sample will be quite adequate for the intended uses of the drop 
size data. This camera was dismantled during May 1962 and a part 
of it shipped to Mt. Withington, New Mexico, where it will be 
reinstalled in July 1962 for collection of data during the thunder-
storm season. The remainder of the camera was returned to Illinois 
and is being installed on the East Central Illinois Network. Ap-
proximately one-third of the 72 rolls of drop camera data obtained 
from Island Beach have been measured, and the calculations of the 
drop size parameters have been performed. 
Franklin, North Carolina 
The raindrop camera installation was installed at Coweeta 
Hydrologic Laboratory in Franklin, North Carolina, in November 
of 1960. The drop camera operated properly from the beginning 
but since commercial a-c power was not available the unit was 
powered by a motor generator. Because some difficulties were 
experienced with this auxiliary power supply during the winter 
months of the first year, the total operation time at the North 
Carolina site was extended to one and one-half years. Table 1 
shows the number of rolls of film obtained each month at this 
location. A total of 122 rolls of useable drop camera film was 
obtained. The North Carolina site was chosen because of its 
extremely high orographic
         -4-
rainfall. The data represented in 
Table 1 from Coweeta shows that the bias according to months is 
not serious and that a fairly representative sample of the entire 
year is available. The drop camera from Franklin, North Carolina, 
was returned to Illinois during April 1962 and has been reinstalled 
on the East Central Illinois Network. 
TABLE 1 
DISTRIBUTION OF DATA BY MONTHS 
Number of 100-foot Rolls of Film 
Location Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
North Carolina 11 4 18 26 6 14 12 10 7 2 5 7 
New Jersey     6   9 7 6  3  1 2  6   4  4   3   8  4 
East Central Illinois Network 
Two raindrop cameras were installed on the East Central 
Illinois Network during June 1962. Figure 1 shows a small map 
giving the locations of the drop cameras in relation to the East 
Central Illinois Raingage Network and locations of the radars. 
These locations allow easy investigation of the variation of the 
drop size distribution with areal extent of a rainstorm in Illinois, 
The area will be under constant surveillance during time of rain-
fall by the CPS-9 radar set located at the University of Illinois-
Willard Airport. At various times, the AN/TPS-10 radar set or 
the MPS-4 radar will also scan the area in order to provide better 
3-dimensional characteristics of the overhead storm. The northern 
FIG. I RAINDROP CAMERA SITES ON EAST CENTRAL ILLINOIS NETWORK 
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two locations (A and B) of the raindrop cameras have been completed 
and are operating. The southernmost installation is awaiting the 
return of the drop camera components from Mt. Withington, New 
Mexico. These components will arrive the latter part of August 
or early September of 1962 and will be installed for the fall 
rains. 
RADAR OPERATIONAL PROGRAM 
CPS-9 
The CPS-9 radar has been operating satisfactorily with only 
routine maintenance. This radar will be used to survey the area 
over the drop cameras. Since the vertical drive system of the 
CPS-9 is operating satisfactorily, the CPS-9 will be run in a 
continuing tilt program so that more than one level of storm in-
tensities may be observed. 
TPS-10 
The TPS-10 radar has not been operating satisfactorily. There 
is an intermittent trouble in the modulator which prohibits the 
transmitter from firing, and all efforts to locate this trouble 
have been unsuccessful. This radar set will be repaired and used 
for closer monitoring of echo heights over the drop cameras during 
the next period. 
  DATA
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ANALYSIS 
Raindrop Data Reduction 
During the period, 25 rolls of raindrop data have been meas-
ured and preliminary calculations have been performed. Of these, 
12 rolls were from Island Beach, New Jersey, and 13 from Franklin, 
North Carolina. The assembling of a raindrop data processing pro-
gram for raw data cards on an IBM 7090 computer has been continued. 
At present, the raw data cards can be processed on an IBM 1401 
computer and the resultant drop size distributions placed on 
magnetic tape for submission to the IBM 7090 for computations of 
rainfall rate, liquid water content, medium volume diameter, radar 
reflectivity, and attenuation cross section. The IBM 7090 will 
also perform preliminary calculations helpful in fitting coales-
cence type distributions to the rainfall distributions. This 
program is approximately 50 percent completed. Further work will 
be necessary after the University closes the computational facili-
ties of the IBM 650. Backlogs of approximately 50 rolls of rain-
drop data from Island Beach, New Jersey, and approximately 75 rolls 
from Franklin, North Carolina, remain to be measured. At the 
present rate, these measurements should be completed in slightly 
over one year. 
Coalescence Distributions for Miami Rainshowers 
A preliminary attempt to see what success might be had in 
fitting average drop size distributions by theoretical coalescence 
distributions was made using the average distributions for 
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rainshowers obtained in Miami, Florida. These average distributions 
are a result of at least 10 cubic meters of rain averaged together 
with the exception of the highest rate in which there were only 7 
cubic meters of rain. The average number of drops per cubic meter 
per tenth millimeter is plotted against drop size diameter in milli-
meters. The theoretical coalescence equation of the form 
where and Do represent the coalescence coefficients, was 
used to fit the data. Primarily, and are related to the 
product of the collision factor and time, the initial particle 
sizes, and the initial concentration of particles. Do represents 
a shifting of the entire distribution and is attributed to con-
tinual and more or less uniform growth by accretion in the latter 
stages of the formation process. In other words, it is presup-
posed that the distribution becomes stabilized in forming and then 
falls through a cloud layer in which collection is, to the first 
approximation, uniform for the various drops, increasing all of 
their masses proportionally. 
As was discussed in an earlier quarterly technical report, the 
manner in which these fitting equations are applied to the drop 
size distributions has not been firmly decided. For this prelim-
inary study, curves of the shape of the coalescent ND-D curves 
were made for values of of .08, .1, .12, .14, .16, .20, .24, 
.30, .50, .80, 1.0, and 1.2. These were then shifted underneath 
the drop size data until the best "by eye" fit was obtained. 
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Figures 2 and 3 show the results and how closely the curves fit 
the actual data. In these figures, R represents the rainfall 
rate in millimeters per hour as calculated from the average drop 
size distribution. Ns represents the number of cubic meters in 
the sample, Nt represents the total average number of drops per 
cubic meter. Not every curve for RW was shown on these figures, 
but only representative ones. It can be noted that there is very 
little continuity to the parameters of the coalescence distribu-
tion as a function of rainfall rate. This is also apparent in 
Table 2 which shows the best fitting parameters for all of the 
various rates in the rainshower classification. 
At the rainfall rate of 13.3 mm/hr, the single coalescence 
curve did not seem to represent the data points adequately. There-
fore, a second coalescence curve was drawn in and the two curves 
added together to give the results shown. It should be noted that 
the second curve is only necessary to fit points representing 
large drops which had an average concentration of less than one 
drop per cubic meter per tenth of a millimeter. These large drops 
are important, of course, in determining the radar scattering cross 
section as well as the rainfall rate and various other parameters. 
The sample size at this rate was 64 cubic meters and therefore 
these points in the area from 1 to .05 drop per cubic meter per 
tenth of a millimeter should be reliable. 
However, Table 2 only considers the first, or primary distri-
bution, in calculation of the theoretical Nt. The curve for a 
rainfall rate of R = 23.1 was also better fit by the addition of 
FIG. 2 DROP SIZE DISTRIBUTION WITH THEORETICAL COALESCENCE DISTRIBUTION FOR RAINSHOWERS AT MIAMI, FLORIDA 
FIG. 3 DROP SIZE DISTRIBUTION WITH THEORETICAL COALESCENCE DISTRIBUTION FOR RAINSHOWERS AT MIAMI, FLORIDA 
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a second coalescence distribution. Physically, this second dis-
tribution may represent either the effects of a second generation 
level in the clouds, interaction between two convective cells 
within the cloud, or possibly a result of some kind of breakup 
process. On the other hand, since these are average distributions 
and since there does not seem to be much continuity in the require­
ment for the second coalescence curve, it is doubtful whether these 
have real physical significance. It should be noted particularly 
that as the rain increases, R = 52.1 and R = 62.4. are very closely 
fit by using only a single coalescence type distribution. Again, 
when the rainfall rates become higher or equal 125.8 mra/hr and 
228 mm/hr (Fig. 3), the addition of a second coalescence curve is 
necessary if the data is to be well represented by suras of coal­
escence curves. Particularly, the rainfall rate of 228.7 mm/hr 
must be considered as a sum of two coalescence distributions be­
cause a single coalescence distribution departs radically from the 
true concentrations for the larger drops with concentrations above 
10 per cubic meter per tenth of a millimeter. This departure is 
large enough that it becomes quite important in all calculations 
performed with the drop size distribution. However, the curve is 
very closely approximated by using only two coalescence distribu­
tions. At least in this data, the second distribution was always 
a distribution which had a lower value of β in the coalescence 
parameters. Broad spectra, small values of β , are obtained when 
the original number of drops is high or the collision factor and 
time are large, and/or the initial concentration of drops has 
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large mass. The second coalescence distribution that had to be 
added to the primary distribution in order to better fit for large 
drops was usually one that had a very small β , or a very broad 
distribution. This is an indication that the second mode might 
have been produced at either greater height or from a more mature 
cell that had been coalescing for a longer length of time and/or 
one that had a higher initial concentration of larger drops. Of 
course, which of these is actually the case, particularly on 
average distribution, is difficult to determine. 
To demonstrate the closeness of the fitting equations, Table 2 
has two columns indicating the total number of drops represented 
by the sum of the primary and secondary distributions when the 
secondary distributions are significant. In most cases the drop 
totals are in fair agreement. Table 2 indicated very little, if 
any, continuity between the parameters of α and β . What little 
continuity is shown is that the primary distribution & tends to 
decrease with rainfall rate increase. The value of α is determined 
essentially by knowledge of β and the concentration at the mode. 
The last three columns of Table 2 show that the fitting of 
these curves, at least as determined by using the total number of 
drops per cubic meter as a criteria, is fairly good. Most of the 
curves will fit within an accuracy of 10 percent. This could un­
doubtedly have been improved if all of the coalescence curves had 
been reduced in size somewhat, as there is a consistent tendency to 
overestimate the total number of drops. The area for the number of 
drops from the coalescence equation does not restrict the cutoff 
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TABLE 2 
COALESCENCE COEFFICIENTS FOR AVERAGE 
DISTRIBUTIONS FROM MIAMI, FLORIDA 
Rainfall 
Rate 
(mm/hr) 
2.1 
3.65 
6.7 
9.29 
13.3 
19.8 
23.1 
27.3 
34.1 
35.2 
36.9 
40.0 
43.5 
45.2 
52.1 
55.8 
62.4 82.0 
125.8 
228.7 
Do 
(mm) 
.4 
.3 
.1 
.6 
.7 
.8 
.8 
.8 
.6 
.8 
.3 
.9 
1.0 
.4 .5 
.4 
.4 
.5 
0 
.1 
Coalescence 
Goeffic 
α 
23.5 
13.2 
14.5 
47.5 
80 
87.5 
105 
112 
59 
120 
49 
150 
125 
49 
52 
40 
45 
78 
58 
120 
ients 
β 
1.0 
.5 
.3 1.0 
1.0 
1.0 
1.0 
1.0 
.5 
1.0 
.3 
1.0 
1.0 
.3 
.3 
.24 
.24 
.3 
.16 
.24 
Coalescence 
Equation 
(n/m3 .lmm) 
78.5 
88 
161 
158 
267 
292 
350 
374 
394 4oo 
543 
500 
417 
545 
578 
555 
625 
868 
1210 
1800 
From 
Data 
(n/m3 .lmm) 
77.6 
87.7 
133 
158 
228 
286 
334 
360 
413 
394 466 
467 
411 490 
540 
527 
539 
700 
1177 
1600 
% Error 
in N t 
+1.16 
+ .34 +21.00 
0 
+17.1 +2.1 
+4.8 
+3.9 
-4.6 
+1.5 
+16.5 
+7.05 
+1.46 
+11.2 
+7.04 
+5.31 
+16.0 
+24.0 
+2.8 
+12.5 
value at 0.5 mm as does the actual drop data. Therefore, some of 
the tendency to overestimate the number from the coalescence equa­
tion may well be due to the fact that drops are being counted down 
to smaller diameters in the theoretical equation than in the actual 
drop data. However, balancing this is the fact that in general the 
coalescence distributions tend to show too few drops in the large 
size range. No attempt was made here to go back and refit the 
distributions to obtain better agreement between the two totals. 
It may well be that these data actually represent rains that 
were primarily produced by the coalescence process. Certainly in 
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the majority of the cases, the drop data is very well fit on the 
basis of theoretical coalescence distributions alone. It has not 
been possible to fit all of the rains obtained with the drop camera 
nearly so closely as these. 
SUMMARY AND CONCLUSIONS 
The raindrop data collection program is proceeding properly 
and sufficient amounts of data have been obtained at both the 
Island Beach, New Jersey, and the Franklin, North Carolina sites. 
The cameras have been returned and are reinstalled in the East 
Central Illinois Network. The cameras appear to be in very good 
shape physically and do not seem to have deteriorated greatly. 
However, one of the mirrors which was at Champaign, Illinois, shows 
surface deterioration, and it will be sent to a manufacturer for 
resurfacing as soon as this data collection period is over. 
The drop analysis program is proceeding in a normal manner. 
The backlog of drop camera film is reducing as analysis is be-
ginning to catch up with data collection. Drop size distributions 
from rainshowers from Miami show a very marked tendency towards 
coalescence type distributions. Unfortunately, however, the con-
tinuity between the parameters of the coalescence equation and the 
rainfall rate are not as strong as one might expect. 
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PROGRAM FOR NEXT INTERVAL 
During the next quarter, two drop cameras will be operated in 
the East Central Illinois Network,, The third drop camera will be 
installed and operated during the month of August at Mt. Withington, 
New Mexico, in order to investigate further the very simple and 
non-moving types of thunderstorms that are present there. It is 
hoped that this year's operation at Mt. Withington will produce 
more of the type of data reported upon in previous quarterly 
technical reports. 
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